Objective: To evaluate the outcomes and complications of bilateral same-day intravitreal anti-vascular endothelial growth factor (anti-VEGF) injections. Methods: This is a single-center, retrospective study that included 524 eyes of 262 patients who received concomitant bilateral intravitreal anti-VEGF injections in 2016 at St. Michael's Hospital, Toronto. If any of the patients were receiving simultaneous bilateral injections on a regular basis prior to 2016, data pertaining to previous injections were also reviewed. Everyone received bevacizumab, ranibizumab, or aflibercept in an office setting. Results: A total of 9,798 intravitreal anti-VEGF injections (4,899 bilateral injection sessions) were performed in 524 eyes of 262 patients. The average number of bilateral injection sessions per patient was 18.7 ± 14.1. Ranibizumab was the most commonly used anti-VEGF drug (83.8%). The incidence of endophthalmitis was 0.01%, and there were 2 episodes of acute intraocular inflammation among the 9,798 injections (0.02%). All 3 cases occurred after treatment with ranibizumab. There were 2 deaths (0.76%) due to nonvascular causes but no vascular related systemic adverse events were reported. Conclusions: Same-day bilateral intravitreal anti-VEGF injections present a low rate of complications and are well tolerated by patients. This safe practice may reduce the burden on the health-care system and on the patients.
Introduction
Intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents are currently the first-line therapy for various retinal diseases, including neovascular age-related macular degeneration (nAMD) and diabetic macular edema (DME), since common growth factors and cytokines play a major role in their pathogenesis [1, 2] . The number of intravitreal anti-VEGF injections performed worldwide has increased exponentially in the past decade, and multiple intravitreal injections over a period of months or years may be required to treat these diseases [3, 4] . Even though less frequent dosing such as treat and extend or as-needed regimens have been proven to be efficient in various clinical trials, many patients frequently still require monthly injections [1, 5, 6] . In addition, patients often show up with bilateral eye involvement, and the rate of bilateral anti-VEGF treatment has been described as 36% for nAMD and 48% for DME [7] [8] [9] . Consequently, more frequent visits to the treating retinal specialist are required, increasing the burden on patient's time and productivity and the administrative load on the health-care system.
Administration of same-day bilateral injections instead of an alternating unilateral regimen is becoming a more common practice. In 2011, a survey done with retinal specialists in the United States revealed that 46% performed bilateral simultaneous intravitreal injections [10] . However, some physicians do not feel comfortable treating both eyes on the same day fearing the local and systemic complications of anti-VEGF agents. The double number of visits required by those receiving an alternating unilateral treatment may reflect on a series of consequences for the patient and family members, including more hours off from work, lower productivity, and higher cost with transportation. For the offices, there are more visits and administrative work leading to less efficiency. Therefore, performing same-day bilateral injections likely results in better cost-effectiveness and greater patient's convenience, translating into benefits for patients and for the health-care system.
Studies evaluating the safety of same-day bilateral intravitreal injections have shown that they are well tolerated by patients and have a similar ocular complication profile as unilateral injections when separate instruments and medications are used for each eye. The overall rate of infectious endophthalmitis after intravitreal injection varies from 0.028 to 0.541% [11, 12] , and reports from bilateral same-day injections have shown similar results [13] [14] [15] [16] [17] [18] . In terms of systemic safety, there is a concern that increased suppression of systemic VEGF levels resulting from simultaneous double dose of intravitreal anti-VEGF injections could lead to a higher risk of vascular adverse events, since plasma VEGF plays an important role regulating antiapoptotic pathways of the vessels' endothelial cells [19] . In this study, we report the ocular and systemic complications of same-day bilateral intravitreal anti-VEGF injections performed in a large tertiary retinal practice in Canada.
Methods
An electronic search of billing records was performed to identify patients who had received bilateral same-day intravitreal anti-VEGF injections by a single retina group at St. Michael's Hospital, Toronto, between January 1, 2016, and December 31, 2016. A total of 262 patients were identified and their medical records were reviewed. If any of the identified patients were receiving simultaneous bilateral injections on a regular basis prior to 2016, data pertaining to these previous injections and follow-ups were also included in our analysis. This study was conducted according to the Declaration of Helsinki and approved by St. Michael's Hospital research ethics board.
The following data were collected from the patient's medical records: age, gender, ocular diagnosis, whether bevacizumab, ranibizumab, or aflibercept was used, number of bilateral same-day intravitreal injections received, Snellen best corrected visual acuity and intraocular pressure before each injection and need for anterior chamber paracentesis (AC tap) during injection visit. Medical records were also reviewed for postinjection adverse events: ocular complications, such as endophthalmitis, acute intraocular inflammation, and vitreous hemorrhage; occurrence of newly developed medical problems throughout follow-up, including myocardial infarction, cerebrovascular accident, and death; patient's request to switch to an alternating unilateral injection regimen due to intolerance of same-day bilateral injections. Patients were encouraged to call the office in case of any post-injection complaints. Even though a phone call log was not available for data collection, it was possible to identify in each chart whether there were any clinically relevant complaints noted by the patient that required an extra follow-up visit.
Bevacizumab, 1.25 mg/0.05 mL; ranibizumab, 0.5 mg/0.05 mL; and aflibercept, 2.0 mg/0.05 mL were injected by 6 vitreoretinal specialists (A.R.B., D.R.C., D.T.W., F.A., L.G., and R.H.M.) in an office setting. Aflibercept syringes were withdrawn from singleuse vials at the moment of injection. Bevacizumab injections consisted of prepackaged syringes from a compounding pharmacy. Ranibizumab injections included both prefilled syringes or were loaded from single-use vials. Each eye was injected separately in a sterile manner. All patients were prepared with topical tetracaine drops, followed by 5% povidone-iodine drops in both eyes. In addition, 3 physicians routinely performed subconjunctival anesthesia with 1% lidocaine in the quadrant to be injected. One single physician performed eyelid retraction using a bimanual eyelid retraction technique. All other 5 physicians routinely used sterile eyelid speculum for intravitreal injection procedures. The sterile eyelid speculum was placed initially in one eye, followed by an additional 5% povidone-iodine drop. The drug was injected 3.5 or 4.0 mm posterior to the limbus with a sterile syringe and needle. Two physicians used 32-gauge needles, while 4 used 30-gauge needles. The superotemporal quadrant was the elected site of injection for all surgeons, except for 1 who preferred the inferonasal quadrant. A cotton tip applicator was held at the site of the injection as the needle was withdrawn from the eye. The eyelid speculum was then removed from the first eye. The second eye was treated immediately after the first one using the same procedure described above, but with a new and separate tray of instruments and eye drops. Gloves and masks were not used, but conversation was avoided during the injection procedure. Patients did not receive pre-injection or post-injection antibiotics on a regular basis. Lot numbers were not necessarily tracked, and it was not insisted that bilateral eyes received drugs belonging to different lot numbers.
Descriptive and statistical analyses were performed using IBM SPSS Statistics for Windows, version 24.0 (IBM Corporation, Armonk, NY, USA). Patients' characteristics are presented in terms of mean, SD, median, and range or percentage as appropriate. Mann-Whitney Test was used to compare continuous variables, and Pearson chi-square test was used to compare proportions. Statistical significance was set at p < 0.05. The main outcome measure was the occurrence of ocular complications following treatment with same-day bilateral intravitreal injections.
Results
A total of 9,798 intravitreal anti-VEGF injections (4,899 bilateral injection sessions) were performed in 524 eyes of 262 patients. The mean age of the patients was 76.8 ± 11.1 years and most were female (57.6%). The average number of bilateral injection sessions per patient was 18.7 ± 14.1 (range 1-71), and the mean follow-up time was 27.4 ± 18.8 months (range 1-76). The primary indications for anti-VEGF therapy were nAMD in 65.5% of the cases, DME in 32.9%, cystoid macular edema in 0.4%, polypoidal choroidal vasculopathy in 0.8%, and macular edema secondary to retinal vein occlusion in 0.4%. Ranibizumab was the most commonly used anti-VEGF agent (Table 1) . Ninety-six patients (36.6%) had the initiating anti-VEGF agent switched throughout their follow-up.
Seventy-five patients (28.7%) required an AC tap due to an episode or history of acute rise in intraocular pressure following intravitreal injections or due to uncontrolled glaucoma. A total of 501 AC taps (5.1%) were performed among these 75 patients (mean: 6.7 ± 5.9). In total, 36 eyes of 18 patients (7.0%) had a prior diagnosis of glaucoma, and 24 (66.7%) of these eyes had at least 1 AC tap done in the same visit of the intravitreal injection. The diagnosis of glaucoma was significantly associated with the need for an AC tap (p = 0.001).
Thirteen patients (4.9%) required 30 extra follow-up visits (0.6%) aside from their injection schedule due to clinically relevant complaints related to the intravitreal injections (Table 2) . Following the 9,798 injections, there was one case (0.01%) diagnosed as endophthalmitis in an 88-year old female who had received 7 bilateral ranibizumab injections for nAMD with no previous complications. She presented with severe pain and acute vision loss in the right eye 6 days after the last injection. Her visual acuity worsened from counting fingers to hand motion, and clinical examination revealed conjunctival hyper- emia, a 0.5 mm hypopyon and vitritis. Vitreous and AC tap were performed followed by intravitreal injections of vancomycin 1.0 mg/0.1 mL, ceftazidime 2.25 mg/0.1 mL, and dexamethasone 0.4 mg/0.1 mg. Additional treatment included oral moxifloxacin, topical prednisolone 1.0 mg, vancomycin 50 mg/mL, and tobramycin 14 mg/mL. Both AC and vitreous specimens were culture negative, but there was an insufficient amount of vitreous sample for proper analysis according to the lab. The patient responded well to treatment: 2 weeks later, her vision was back to baseline counting fingers, and, 4 weeks after her symptoms onset, her clinical exam showed no more inflammatory signs. Same-day bilateral ranibizumab injections were resumed 2 months later with no further adverse events. In the meantime, there were no complications or inflammatory signs in the fellow eye. There were 2 episodes of acute intraocular inflammation among the 9,798 injections. (0.02%). An 80-year-old female receiving bilateral ranibizumab injections for nAMD presented 4 days later with a painless drop in vision from 20/100 to 20/400, no redness, AC cellular reaction 3+, no hypopyon, and mild vitreous opacities in her left eye. After using topical prednisolone 1.0% for 4 days, her vision returned to preinjection level. Two months later, she experienced pain in the right eye 3 days after ranibizumab injection, with vision decreasing from 20/100 to hand motion, a 1.0 mm hypopyon, and moderate vitritis. Despite her recent history of noninfectious acute intraocular inflammation following ranibizumab injection in the other eye, there was a raised suspicion for infectious endophthalmitis, leading the treating physician to collect AC and vitreous specimens for cultures. In addition, intravitreal vancomycin, ceftazidime, and dexamethasone were injected, and the patient was started on topical antibiotics and prednisolone 1.0%. The patient experienced a rapid recovery within 3 days and cultures showed no growth. After being kept only on topical steroids for 2 weeks, her vision was completely recovered. Even though it was difficult to differentiate between infectious endophthalmitis from sterile intraocular inflammation, the clinical course suggested that both episodes were in fact a sterile, acute intraocular inflammation induced by the drug.
Other ocular adverse events directly related to the intravitreal injections included: one case of unilateral retinal tear detected 4 days after intravitreal ranibizumab and one case of unilateral mild vitreous hemorrhage 1 day after ranibizumab injection not explained by the underlying ocular disease and that spontaneously improved. None of the eyes developed retinal detachments.
None of the patients had vascular-related systemic adverse events following injections, such as cerebrovascular or thromboembolic events, during the follow-up period. There were 2 deaths (0.76%) reported due to nonvascular causes.
Discussion
This large retrospective study reinforces that same-day bilateral intravitreal anti-VEGF injections are safe and well tolerated by patients. Our study differs from previous ones by including a greater number of bilateral injections than most series, by including a large population using all 3 anti-VEGF agents currently available (ranibizumab, bevacizumab, and aflibercept), and by analyzing not only rates of endophthalmitis but also of sterile intraocular inflammation and systemic adverse events based on detailed chart review. The significant increase in the number of intravitreal anti-VEGF injections in clinical practice and the rising need for bilateral treatment have resulted in more retinal specialists performing same-day bilateral injections. Undoubtedly, this practice is more cost-effective and convenient to the patients and to the health-system, but its safety profile should be an important concern.
Infectious endophthalmitis is the most feared ocular adverse event following intravitreal anti-VEGF injections and is a main concern regarding the safety of same-day bilateral injections. Many retinal specialists are uncomfortable to perform concomitant bilateral anti-VEGF injections fearing a higher risk of endophthalmitis. In this study, the incidence of endophthalmitis was 0.01% (1 case in 9,798 injections), which is near the lower end of the range described by previous reports (0.0-0.065%) [13] [14] [15] [16] [17] [18] 20] . Our study described a similar incidence while involving as much injections (9, 798) as some large clinical trials that have assessed the efficacy and safety of anti-VEGF therapy. In the MARINA study, for example, there were 5 cases of presumed endophthalmitis after 10,443 injections (0.05%) [21] and, in the meta-analysis published by McCannel, the cumulative rate of endophthalmitis was 0.049% [11] . Recently, Borkar et al. [20] have also recently encountered a low rate (0.027%) of endophthalmitis in the largest reported cohort of patients undergoing bilateral anti-VEGF injections.
Even though our retina group involves 6 vitreoretinal surgeons and each one has its own preferences regarding the techniques for intravitreal injection, some steps during the procedure are performed on a standard fashion among all of them. We believe that our low rate of endophthalmitis after bilateral injections is especially due to the fact that each injection is treated as a separate aseptic procedure, where new and separate speculum, cotton-tip applicator, syringe, and needles are used for each eye. Furthermore, application of 5% povidone-iodine on the ocular surface before the injection is consistent among all physicians, since it is the only proven measure to prevent endophthalmitis [22, 23] . One of the retinal specialists performs injections on the inferonasal quadrant and does not use an eyelid speculum, but, most importantly, contact between the eyelashes and the injection site is prevented with manual eyelid retraction. Indeed, neither eyelid speculum use nor site of injection has been shown to affect the risk of infection [24] . Our only case of presumed infectious endophthalmitis had an eyelid speculum placed, and injection was done in the superotemporal quadrant without prior subconjunctival lidocaine. All injections were done in an office setting, and none of the physicians used gloves, drapes, or masks. There is no definite data confirming that wearing gloves reduces the risk of infection, so, most importantly, handwashing or alcohol-based hand rubs before patient contact is done and careful attention is given not to touch the injection needle. Even though masks are not used, talking during the procedure is avoided, as supported by previous studies that showed that wearing masks and avoiding talking had a similar reduction in bacterial contamination [25, 26] . In addition, our case of endophthalmitis did not receive subconjunctival anesthesia, but there are data suggesting that subconjunctival lidocaine 2% can have antibacterial properties and reduces the rate of infectious endophthalmitis [27] . Finally, pre and postinjection antibiotics are not routinely used in our practice, supported by data suggesting that the use of antibiotics does not lower the incidence of endophthalmitis and may contribute to development of a drug-resistant conjunctival flora [22, 23] .
Sterile intraocular inflammation is an important issue associated with intravitreal anti-VEGF agents, and this study presents the largest number of bilateral anti-VEGF injections where this complication has been assessed. In our study, we had a 0.02% incidence of acute intraocular inflammation after ranibizumab injections, similar to previous series [14] . Interestingly, both episodes were reported in a single patient in different eyes and at distinct moments. To this date, the pathophysiology of sterile intraocular inflammation and the reason why patients receiving bilateral injections present with unilateral episodes of acute intraocular inflammation remain unclear. Because the eye contains immune privileged sites, a possibility is that immune-related responses of the eye can react to antibody molecules after prior exposure to the drug [14] . Another possible explanation is related to the proinflammatory interaction of the crystallizable fragment (Fc) component, present in aflibercept and bevacizumab, with intraretinal Fc receptors [28, 29] . This theory could explain the higher rates of ocular inflammation following treatment with aflibercept when compared to ranibizumab [29] . In our study, there were no cases related to aflibercept, however this might be due to the smaller sample size of patients receiving aflibercept injections (n = 1,860), not being able to detect such rare event. Even though it is a rare situation that usually presents with complete visual recovery [14, 29] , it can be difficult to differentiate from infectious endophthalmitis and may cause a negative effect on the patient. Some clinical characteristics might suggest the diagnosis of sterile inflammation over endophthalmitis, such as more rapid onset, anterior segment inflammation greater than posterior inflammation, and prompt improvement with topical steroids.
The systemic effect of anti-VEGF agents has been a concern since these drugs became first-line therapy for several intraocular conditions, even though only small amounts of the anti-VEGF drugs are released from the eye into the systemic circulation [28, 30] . While intraocular VEGF is a critical mediator of angiogenesis involved in the pathogenesis of diseases such as nAMD, DME, and RVO (retinal vein occlusion), systemic VEGF acts as a vascular protective factor essential for maintaining the integrity and antithrombogenic properties of the endothelium [31] . Therefore, prolonged suppression of systemic VEGF levels can be associated with cerebrovascular and thromboembolic adverse events. Large clinical trials have reported rates of arterial thromboembolic events of < 1-7.8%, < 1-6%, < 1-6%, < 1-5.8% for aflibercept, bevacizumab, ranibizumab, and control groups, respectively [1, 21, 32, 33] . However, data regarding the systemic effect of bilateral anti-VEGF injections are still scarce. In our large series, there were no cardiovascular or thromboembolic events reported throughout patients' followup while being treated with bilateral anti-VEGF injections, suggesting that same-day bilateral treatment is systemically safe [16] . In addition, previous retrospective studies have shown that bilateral anti-VEGF injections did not increase the rate of systemic adverse events when compared to patients receiving unilateral injections, which is likely supported by the fact that the serum con- centration of VEGF is not significantly different between patients on bilateral or unilateral treatment [15, 16, 34] .
This study has some limitations, especially related to its retrospective design. Even though patients are routinely asked about new systemic and ocular events in their visits in this retina practice, we relied on the information provided by the patient and data in medical records filled out by physicians and their technicians. Furthermore, patients were encouraged to call the offices if there was any problem after injection but not all offices record this information in the patients' charts. Therefore, we observed which patients called the office and had clinically relevant symptoms that required extra follow-up visits based on detailed chart review. However, systemic adverse events could still have been missed based on this strategy. Since this study included patients receiving treatment by 6 vitreoretinal surgeons, the technique of intravitreal injection was not exactly the same for each patient. Even though a standard aseptic procedure in an office setting is performed by all, there are slight variations among their preferences that have been previously discussed. Finally, we can suggest but not draw definite conclusions about the safety of same-day bilateral compared to unilateral injections, since we did not have a control group of patients receiving unilateral injections for adequate comparison. Ideally, a prospective, randomized study evaluating the safety of concomitant bilateral anti-VEGF injections versus alternating unilateral injections should be performed.
In conclusion, same-day bilateral anti-VEGF intravitreal injections present a low rate of ocular and systemic complications. Our rates of endophthalmitis and sterile acute intraocular inflammation were comparable to studies where only unilateral injections were performed. We therefore emphasize that meticulous safety precautions should be equally taken for both eyes when employing this treatment modality. Finally, this practice is well tolerated by patients and might reduce the burden on the patient and health-care system.
